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The  use  of  amplitude  and  phase  shading  on  a pair  of  concen- 
tric piston  radiators  has  been  employed  as  a means  for  control- 
ling the  acoustic  radiation  patterns  for  a small  flush  face 
transducer  which  is  intended  for  use  as  a 75  kHz  sound  source 
in  the  underwater  tracking  of  vehicles.  A description  is  given 
of  the  design,  construction  and  tests  of  several  models  of  the 
composite  piezoelectric  ceramic  transducer.  Results  indicate 
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that  this  appears  to  be  a feasible  method  for  achieving  a 
principal  design  goal  of  a broad  beamwidth  radiation  pattern 
with  a pronounced  reduction  in  source  level  along  the 
transducer  axis.  Some  additional  development  is  needed  for 
achieving  a configuration  which  might  be  optimum  for  production. 
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The  use  of  aaplitude  and  phase  shading  on  a pair 
of  concentric  piston  radiators  has  been  employed  as  a 
■eans  for  controlling  the  acoustic  radiation  patterns 
for  a saall  flush  face  transducer  which  is  intended 
for  use  as  a 75  kHz  sound  source  in  the  underwater 
tracking  of  vehicles.  A description  is  given  of  the 
design, construction  and  tests  of  several  sodels  of  the 
composite  piezoelectric  ceraaic  transducer.  Besults 
indicate  that  this  appears  to  be  a feasible  aethod 
for  achieving  a principal  design  goal  of  a broad 
beaawidth  radiation  pattern  with  a pronounced 
reduction  in  source  level  along  the  transducer  axis. 
Soae  additional  developeaent  is  needed  for  achieving  a 
configuration  which  aight  be  optiaua  for  production. 
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I.  INTH30UCII3N 


for  many  years  acoustic  tracking  of  underwater  weapons 
has  been  achieved  by  using  snail  transducers  nounted  on  the 
weapon  itself.  Their  tr ansnissions  are  nonitored  by  arrays 
nounted  on  the  bottom  of  the  test  ranges.  The  teat  range  of 
the  Maval  Torpedo  Station  (NAVT3BPSTA)  at  Keyport, 
Washington  has  a natrix  of  arrays  aountad  on  the  sea  floor 
which  operate  at  a frequency  of  75  Khz  and  aach  array 
provides  range  and  baaring  intonation  to  the  shore 
conputing  station. 

To  ensure  accurate  tracking  whilst  on  the  tracking 
range, the  radiation  pattarn  should  be  of  such  character  to 
insonify  sone  nininun  nunber  of  arrays  on  the  botton. 


A variety  of  designs  of  pinger  transducers  have  been 
used.  Pop-out  type  transducers  utilize  a snail  spherical 
piezoelectric  ceramic  eleient  as  the  radiating  source.  Its 
radiation  pattern  has  been  considered  guite  adequate. 
However, it  is  not  physicaLly  flush  with  the  body  of  the 
target  vehicle.  If  the  target  vehicle  should  be  a high 
speed  nodern  torpedo, the  protruding  transducer  would 
severely  affect  the  hydrodynamics  of  tha  torpedo. 
Transducers  flush  with  tha  body  of  the  torpedo  have  been 
used  in  the  recent  years.  According  to  infornal 
connunications  from  personnel  at  the  NAVT3BP5  Ti  their 
operational  life  has  proven  to  be  relatival/  short.  A 
typical  radiation  pattern  for  these  flush  transducers  has 
been  provided  by  NA770BP5TA  and  is  attached  as  Fig.  1. 


pattern  is  the  use  of  phase  and  aaplitude  shading  of 
concentric  piston  radiators.  These  were  sfudiel  by  Shaw 
(Bef.  1 ) and  a scale  nodal  was  built  and  tested. 

It  is  the  intent  of  this  thesis  to  develops  a phased 
concentric  piston  transducer  for  acoustic  tracking  of 
underwater  vehicles.  Specifically, the  transducer  will  be 
constructed  with  the  objective  of  being  oparationally 
compatible  with  the  underwater  ranges  and  physically 
coapatible  with  the  extender  sections  used  with  exercise 
torpedos  at  the  hi  VTOSPSTt  . 
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igure  1 - NA VTURPSf A TYPICAL  PLUSH  TBAMSDUCBB  BADIATION 


IX.  QfiSSSJ!  £ONS£DEB&UO££ 


The  NAVTOBPSTA  specification  for  the  required  radiation 
pattern  is  attached  as  Pig.  2.  However, froa  considerations 
of  the  actual  needs  for  intensity  distribution, this  pattern 
is  not  an  optiaua  one.  The  transducers  physical 
orientation  is  such  that  their  aain  physical  axis  and  their 
radiation  axis  coincide  and  project  froa  the  underside  of 
the  vehicle  toward  the  ocean  bottoa.  The  design  objective 
of  this  thesis  shall  be  to  achieve  a radiation  pattern  froa 
the  transducer  which  tends  to  optiaize  the  distribution  of 
the  sound  energy  to  the  array  aatrir  on  the  sea  floor.  To 
achieve  this  the  radiation  pattern  should  have  the  ainiaua 
signal  strength  directly  down  the  aain  axis, with  the  source 
level  increasing  with  the  angle  off  the  aain  axis.  This  is 
due  to  the  fact  that  at  any  depth  the  aaxiaua  acoustic  range 
to  an  array  is  the  slant  range  when  the  target  vehicle  is 
equidistant  between  the  arrays.  At  and  above  angles  of 
about  70  degrees  the  signal  strength  should  rapidly  decrease 
in  order  to  reduce  acoustic  coupling  to  the  Crane  of  the 
vehicle  and  to  reduce  surface  reflected  sound.  The 
re-radiation  of  the  pulses  froa  the  frane  or  the  surface 
scattered  pulses  can  cause  additional  range  processing 
probleas  in  the  shore  station  conputing  systea.  The 
recoaaended  pattern  pf  Appendix  A (Pig.  3 ) would  enable  the 
receiving  arrays  to  receive  a aore  constant  leveL  of  signal 
froa  the  target  vehicle, irrespective  of  the  vehicles 
physical  position  on  the  range.  The  justification  for  this 
statement  is  developed  in  Appendix  A. 

In  order  to  achieve  a radiation  pattern  whica  resenbles 
this  optiaua  onje,a  configuration  of  concentric  piston 
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radiators  has  been  utilized.  The  development  hare  follows 
the  work  of  LCDB  Shaw.  Shaw  (Reference  1 ) showed  how  two 
concentric  piston  radiators  can  be  phase  and  amplitude 
shaded  to  control  the  shape  of  the  radiation  pattern. 
Computer  studies  indicated  that  tha  phase  of  the  relative 
aoveaent  of  the  radiating  faces  was  optiaal  at  183  degrees. 
The  radiating  surfaces  ara  at  one  end  of  a pair  of  composite 
longitudinal  vibrators  which  operate  at  half  wavelength 
resonance  at  the  intended  frequency  of  75  Khz.  A cross 
section  of  the  intended  transducer  assembly  is  attached  as 
Fig.  4. 

The  physical  dimensions  of  the  mounting  flange  on  the 
torpedo  extender  section  restricts  the  outside  diiensions  of 
the  transducer  assembly  housing  to  those  displayed  on  Fig. 
5.  This  in  turn  physically  limits  the  diameter  of  the  outer 
radiating  cylinder.  Based  on  computations  using  a 
modification  of  Shawls  radiation  pattern  program  (Appendix  B 
) and  upon  the  availability  of  stock  piezoelectric  ceramic 
elements, the  ceramic  elements  shown  in  Fig.  6 were  selected. 
The  material  is  a lead  zirconate  titanate  (Channel  5800), 
manufactured  by  Channel  Industries  of  Santa 
Barbara, California.  Tha  polarization  on  the  outer  ceramic 
is  in  the  radial  direction. The  cylindrical  discs  are 
polarized  along  the  thickness  direction.  By  joining  the 
ground  leads  of  the  two  radiators  and  joining  the  two 
positive  leads  together  and  driving  them  with  the  same  power 
amplifier  source, the  effect  of  the  above  transverse  and 
parallel  coupling  is  that  the  radiating  faces  are  driven  180 
degrees  out  of  phase* 


15 


iMIMOm  S3dlb  f« 


8 

8 


CROSS-SECTION  OP  TRANSDUCER  ASSEMBLY 


Figure  6 - CERAMICS  USED  IN  CONSTRUCTION 


Ill 


A.  COHS TEOCTION 


There  were  several  practical  construction  problems.  One 
was  that  of  arriving  at  dimensions  of  the  ceramic  and  metal 
parts  of  the  comppsite  resonators  in  order  to  achieve  the 
desired  mode  of  vibration  at  the  desired  frequency.  A 
second  problem  was  to  lount  the  two  resonators  to  provide 
mechanical  stability  with  acoustical  isolation.  Changes  in 
the  solutions  to  one  problem  interacted  with  solutions  to 
the  other. 

The  initial  design  of  the  enclosure  and  dimensions  of 
the  radiating  face  of  the  outer  piston  are  shown  in  Fig.  7 
and  Fig.  8.  These  two  pieces  enclose  the  outer 
piezoelectric  ceramic  cylinder  and  pre-stress  it  by  the 
compressional  force  caused  by  the  six  joining  bolts.  A 
crossection  of  the  finished  transducer  assembly  is  seen  in 
Fig  4. 

The  mechanical  support  for  the  inner  vibrator  is 
provided  by  a thin  sheet  of  steel (8  ails  thick)  which  is 
clamped  between  the  eleients  at  the  approximate  middle 
point.  Since  the  vibrators  are  not  symmetrical, the 
attachment  points  are  not  displacement  nodes  for 
longitudinal  vibrations.  However, this  thin  sheet  metal  is 
reasonably  compliant  in  the  transverse  direction  and  appears 
to  provide  adequate  vibration  isolation  between  the  two 
resonators.  This  assymetry  was  due  in  ^’lrt  to  the  need  to 
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have  the  radiating  £i:as  in  the  sane  plane.  Careful 
repeated  adjustments  of  dimensions  were  required  to  obtain 
the  desired  resonance  frequency  and  pre-stress. 

A critical  part  of  the  construction  and  assembly 
procedure  was  to  achieve  a good  nechanical  joint  between  the 
Top  and  Base  pieces  along  with  proper  coapressional  loading 
of  the  ceraaic  eleaent.  The  effect  of  a saall  clearance  at 
the  joint, which  results  in  a aultitude  of  spurious 
nechanical  resonances, is  shown  in  the  electrical  adaittance 
diagram  of  Fig.  9.  The  adaittance  diagrams  in  the  air  and 
in  the  water  as  shown  in  Fig.  10  to  14  were  finally  achieved 
with  a good  aechanical  joint. 
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ONDUCTANCE  (MILLIMHOS) 


Figure  12  ~ ADMirriMCB  D£ A 
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Figure  14  - ADMIT 


Figure  15  - ADMITTAS-E  DIAGHAM  BOTH  PISTONS  IN  HAIEB 


B.  RADIATION  TESTS  OF  T&Atf  SDCJCEB  ASSESBLT  MOO  0 


Tests  of  the  radiation  patterns  for  the  transducer  Bod  9 
sere  performed  in  the  BPS  anechoic  tanks  using  procedures 
described  in  Appendix  C.  For  these  initial  tests  , only,  the 
cylindrical  torpedo  extender  section  was  not  available  and 
so  the  baffle  used  was  a plain  aluminum  sheet  ,octogonal  in 
shape, having  a diameter  of  approximately  12  inches. 

Parameters  which  were  varied  for  the  radiation  pattern 
measurements  were:  freguency,  relative  amplitude  of  drive 
to  the  inner  and  outer  radiators  and  eagnitude  of  drive.  A 
representative  recording  from  the  x-y  recorder  is  attached 
as  Fig.  16.  It  can  be  seen  that  for  the  angles  past  90 
degrees (back  radiation)  there  are  lobes  of  considerable 
strength  present.  This  is  due  to  the  small  baffle 
employed.lt  will  be  seen  that  these  back  radiation  lobes  are 
significantly  reduced  when  the  measurements  are  done  with 
the  transducer  assembly  in  an  exercise  torpedo  extender 
section.  The  desired  reduction  in  source  level  along  the 
axis  was  achieved. 

The  next  step  entailed  the  mounting  of  the  transducer 
assembly  in  the  now  sealed  torpedo  extender  section.  This 
provides  a more  realistic  baffle  for  the  transducer 
assembly, with  the  only  difference  that  the  longitudinal 
dimension  would  be  lpngec  in  an  actual  torpedo. 

Figures  17,18  and:  19  give  an  indication  of  the  effect  of 
freguency  change  from  64  to  79  Khz  on  the  radiation  pattern. 
It  is  seen  that  at  freguencies  lower  than  the  resonance 
freguency, the  central  lobe  is  relatively  higher,  -omparison 
of  the  patterns  in  the  extender  section  with  those  in  the 
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plain  baffle  can  be  done  with  Fig.  16  and  Fig.  16.  The 
first  and  aost  obvipus  effect  was  the  significant  reduction 
of  the  back  radiation  lobes  that  were  present  with  the 
octogonal  baffle.  Also  far  better  destructive  iaterference 
occurred  on  the  aain  axis.  The  radiation  pattern  was  again 
exaained  over  a band  of  f reguencies.  The  assymetry  of  the 
lobes  with  the  extender  section  is  due  to  the  assynetric 
location  of  the  transducer  along  the  length  of  the  extender 
section. 

The  study  of  effects  of  aaplitude  shading  were  conducted 
using  separate  aaplifiers  to  drive  the  inner  and  outer 
transducer  elements!  It  was  found  that  the  aost  optiaua 
pattern  shape  was  achieved  when  the  drive  voltages  were 
within  one  volt  of  each  other.  Fig.  20  is  attached  to  be 
compared  with  Fig.  18  to  indicate  the  slight  difference 
between  the  two  different  kinds  of  voltage  drives. 


Recordings  of  the  radiation  patterns  wece  taken  at 
driving  voltages  of  25  volts  peak  to  peak  up  to  340  volts 
peak  to  peak-  in  steps  of  35  volts.  The  results  are 
attached  as  Fig.  21  to  Fig  28.  It  is  apparent  that  the 
radiation  pattern  deteriorates  with  increased  voltage  drive 
and  that  the  transducer  assembly  is  non  linear.  If  the 
transducer  were  linear  the  pattern  should  be  similar  in 
shape  but  of  different  strength.  This  nonlinearity  became 
apparent  at  a voltage  drive  of  200  volts  peak  to  peak. 

In  an  attempt  to  determine  the  cause, the  inner  and  outer 
radiators  were  driven  independently  and  then  together.  It 
became  apparent  that  the  outer  ring  was  the  dominant 
radiator, which  initially  seemed  to  counter  the  belief  that 
the  transverse  electro-mechanical  coupling  was  less 
efficient  than  the  parallel  coupling.  Also,  the  back 
radiation  (90  degrees  and  greater)  was  greater  than  the  outer 


element  was  driven  alone,  which  was  possibly  caused  by  the 
outer  ring  being  mpra  closely  coupled  to  the  housing.  The 
most  likely  cause  was  believed  to  be  the  saturation  of  the 
SONITE  by  the  oil  in  the  housing  which  would  cause  it  to 
lose  its  decoupling  properties. 

At  this  point  it  was  decided  to  disassemble  the 
transducer, examine  it  for  possible  structural  failings  and 
to  redesign  for  improvements.  This  was  done  and  the 
transducer  assembly  whicu  resulted  was  called  MDD  1. 

During  the  examination  of  the  transducer  assembly  HOD  0 
one  of  the  leads  to  the  ceramic  of  the  inner  piston  was 
found  to  be  loose.  It  could  not  be  determined  at  the  time 
whether  this  occured  during  the  test  or  was  caused  by  the 
dismantling  process^ which  reguired  significant  force  to 
shear  the  Sonite  from  the  housing.  As  expected  , the  Sonite 
was  saturated  with  oil, giving  credence  to  the  belief  that 
the  outer  cylinder  was  directly  coupled  to  the  housing  and 
that  the  Sonite  had  lost  its  decoupling  properties. 

This  resulted  in  more  attention  to  the  job  of  sealing 
the  Sonite  prior  to  the  HDD  1 assembly. 

It  was  decided  to  improve  the  radiation  pattern  by 
dimension  changes  pf  tha  radiating  faces  of  the  inner  and 
outer  radiators.  A stronger  pattern  at  the  larger  angles(60 
to  75  degrees)  seamed  desirable. 


Figurs 


Figure  19  - BEAM  PATTERN  NOD  0 AT  79  kHZ 


ANGLE  OFF  MAIN  AXIS  (DEGREES) 

Figure  20  - BEAM  PATTERN-RADIATORS  DRIVEN  INDEPENDENTLY 


ANGLE  OFF  MAIN  AXIS  (DEGREES) 

Figure  21  * BEAM  PITT EBN-INCBBA SING  VOLTAGE  DBIVB 


BEAM  PATTERN-INCREASING  VOLTAGE  DRIVE 


PATTERN-INCREASING  VOLTAGE  DRIVE 


ANGLE  OFF  MAIN  AXIS  (DEGREES) 

Figure  24  - BEAM  PATTERN-INCREASING  VOLTAGE  DRIVE 


Figure  25  - BEAM  PATTERN-INCREASING  VOLTAGE  DEIVE 
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ANGLE  OFF  MAIN  AXIS  (DEGREES) 

Figure  27  - BEAM  PATIEBH-I11CBEASING  VOLTAGE  DBIVE 


PATTERN- INCREASING  VOLTAGE  DRIVE 


C.  B ADI ATION  TESTS  0F  IBAMSDOCEB  ASSEMBLT  MOD  1 


Based  on  a more  extensive  study  of  computer  calculated 
cadiatiou  patterns  which  permitted  comparison  of  the  effects 
of  various  coabinatioas  of  radiating  face  diasasions  aad 
relative  aaplitude  , it  appeared  likely  that  an  iaproveaent 
would  result  if  the  outer  radius  of  the  outer  radiator  was 
reduced  by  one  quarter  centimeter  and  its  inner  radius 
increased  by  one  half  centimeter.  Dae  to  the  physical 
construction  of  Top  Piece  Mod  0,only  one  eighth  centimeter 
could  be  taken  off  the  outer  diameter. 

The  dimensions  of  the  newly  machined  Top  Piece  Mod  1 are 
shown  in  Fig.  29. 

The  first  tests  aere  of  the  linearity  of  response  to 
increasing  drive  voltages.  Beam  patterns  were  recorded  at 
the  resonance  freguemcy  with  equal  drive  voltages  applied  to 
both  elements.  Drive  voltages  were  changed  from  25 
volts  (p-p)  to  34G  volts  (p-p).  Typical  patterns  are 
presented  in  Fig.  30,31  and  32.  The  sound  pressure  levels 
increase  linearly  wj.th  drive  voltage  and,.to  within  the 
accuracy  of  measurement  (a  few  tenths  of  a db  | over  a range 
in  excess  of  20  dB.  The  relative  amplitudes  of  tae  various 
portions  of  the  beam  and  beamwidths  appear  to  remain 
essentially  independent  of  drive  level. 

The  effect  of  freguency  change  on  the  beam  pattern  is 
presented  in  Fig.  33*34  and  35  in  which  the  drive  level  was 
at  the  maximum  available (340i  volts  p-p  ) with  both  elements 
driven  in  parallel.  The  effect  of  a 6 kHz  change  in 
frequency  on  either  side  of  the  resonance  frequency  appears 
to  cause  only  minor  changes  in  beamwidth  and  relative 


amplitude  of  the  central  lobe  aud  side  lobas.  At  the 
highest  frequency  at  which  data  were  taken  (84.  kHz  ) there 
was  soee  reduction  in  overall  beaewidth  with  a concomitant 
increase  in  aaplitudei  of  the  central  lobe. 


It  is  concluded  tiat  the  Hod  1 transducer  assembly  is 
linear  in  its  response  with  an  acceptable  beaawidth  in  the 
12  Khz  band  centered  at  its  resonance  frequency. 


# 


Figur 


ANGLE  OFF  MAIN  AXIS  (DEGREES) 
Figure  31  - BEAN  PATTERN- ASSEMBLY  MOO 


ANGLE  OFF  MAIN  AXIS  (DEGREES) 
Figure  32  - BEAU  PATCEBN- ASSEMBLY.  MOD 
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ANGLE  OFF  MAIN  AXIS  (DEGREES) 
Figure  33  - BEAM  PATTERN  MOD  1 AT  66  KHZ 


KHZ 


D.  RADIATION  TESTS  OF  TRANSDUCER  ASSEMBLY  MOD  2 

A second  redesign  o£  the  vibrating  system  was  made  with 
two  principal  objectives: 

1. A  simpler  and  easier  to  machine  structure. 

2.  A resonance  frequency  of  75  Khz. 

The  same  ceramics  aad  inner  radiator  were  to  be  used. 
The  result  of  this  new  design  is  the  transducer  assembly  Mod 
2, whose  specifications  are  shown  on  Fig.  36. 

The  radiating  face  dimensions  are  the  same  as  those  of 
Mod  1 except  that  the  outer  radius  was  decreased  by  one 
eighth  centimeter. 

Admittance  diagrams  for  the  transducer  assembly  Mod  2 
are  attached  as  Figsi  37  to  39.  It  was  interesting  to  note 
that  the  objective  of  increasing  the  frequency  of  resonance 
to  75  Khz  was  essentially  reached. 

Next  the  linearity  of  the  transducer  assembly  was 
checked  by  progressively  driving  the  radiators  with  a higher 
voltage.  The  results  are  slightly  different  froi  the  Mod  1 
results  but  still  are  considered  to  be  satisfactory.  A 
similar  radiation  pattern  was  recorded  for  each  successively 
higher  drive  voltagetbut  the  difference  was  that  the  level 
of  sgnal  strength  of  the  minimums  progressively  increased 
with  higher  drive.  These  minimums  at  plus  and  minus  10 
degrees  off  the  main  axis  were  at  a mean  value  of  22  db 
below  the  major  lobe  strength  for  the  lower  drive  voltage 
(8.5  volts  rms  ).  As  the  driving  voltage  was 
increased, these  nulls  similarly  increased  their  strength 
nearly  linearly# so  that  when  the  maximum  of  115  volts  rms 
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was  applied  they  were  only  10  db  below  the  major  lobes 
signal  level.  Pig..  43  and  41  ace  attached  to  show  the 
radiation  patterns  for  the  extremities  of  the  driving 
voltages  used.  It  can  be  noted  here  that  the  overall 
beamwidth  of  hod  2 is  narrower  than  that  of  the  Hod  1 
asseably. 

Next, while  being  driven  at  a voltage  of  115  ns, a series 
of  recordings  were  taken  at  frequencies  ranging  froa  64  to 
84  Khz.  An  analysis  of  these  indicates  that  the  12  db  down 
beaawidth  again  decreases  with  higher  frequency , and  as  a 
group,  the  radiatipn  patterns  are  relatively  flat  and 
indicate  slight  assyaetry  at  the  higher  frequency  end. 

Tests  of  the  effect  of  amplitude  shading  indicated  that 
a better  pattern  could  be  achieved  with  shading.  Tests  were 
conducted  using  separate  power  amplifiers  to  drive  each 
radiator.  The  inner  piston  was  driven  constantly  at  a value 
of  115  volts  rms,and  the  drive  to  the  outer  radiator  was 
varied  as  necessary.  It  was  found  that  the  Transducer 
Assembly  Hod  2 operates  most  effectively  for  our  purposes 
when  the  inner  element  drive  voltage  is  1.5  tiles  that  of 
the  outer  element.  Figure  42  shows  the  pattern  due  to  this 
shading. 

Some  efforts  were  aade  toward  achieving  a better 
electrical  impedance  match  between  the  amplifiers  and  the 
transducer  elements  by  the  use  of  series  inductors  to  tune 
out  the  blocked  capaaitance  of  the  transducer  eieients.  The 
admittances  at  the  resonant  frequencies  were  measured  and 
the  required  inductances  to  tune  out  the  blocked  capacitive 
susceptance  for  an  optimal  impedance  were  calculated.  It 
was  demonstrated  that  this  would  indeed  improve  matching. 
Variable  inductors  designed  for  laboratory  use  were 
employed.  Ideally  this  inductance  should  be  provided  by  the 
secondary  winding  of  a matching  transformer  whose  turns 
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ratio  would  be  such  as  to  latch  the  remaining  conductance  to 
the  output  of  the  driving  power  amplifier.  rha  lack  of 


facilities  and  the  tiae  required  to  build  appropriate 


!» 

K.- 


transformers  caused  experiaentation  on  this  approach  to  be 
stopped. 


Figure  37 


CONDUCTANCE  (MILLIMHOS) 

Figure  38  ~ ADMITTANCE  MEASUBEMENTS-MOD 


CONDUC 


FF  MAIN  AXIS  (DEGREES) 

PATTERN, MOD  2, LOU  DRIVING  VOLTAGE 


ANGLE  OFF  MAIN  AXIS  (DEGREES) 

- BEAM  PMTERN,  BOD  2,  HIGH  DRIVING  VOLTAGE 


ANGLE  OFF  MAIN  AXIS  (DEGREES) 

Figure  42  - BEAM  PATTERN,  COMPARISON  DUE  TO.  DRIVING  VOLTAGE 

SHADING 


iv.  §u&SStIX*£3!ULiJSiONS  ano  BgcoHHEMDArioMS 


A transducer  assemoly  has  been  constructed  with  the 
objective  to  be  compa-tible  acoustically  with  the  underwater 
range  at  the  Naval  Torpedo  Station, Keyport  and  physically 
with  the  extender  sections  used  with  execcise  torpedos* 

The  diaensions  of  the  radiating  faces  were  varied  with 
the  attempt  to  acnieve  a radiation  pattern  as  in  Fig.  3. 
The  shape  of  the  aeasured  radiation  patterns  show  auch 
proaise  The  aaxiaua  source  level  of  79  db  reference  one 
aicrobar  at  one  aeter  was  achieved  with  a peak  power  input 
of  20  watts.  Hith  proper  impedance  aatching  by  the  use  of  a 
transformer  and  with  an  appropriate  and  higher  power  output 
amplifier  it  is  believed  that  the  transducer  assembly  can 
achieve  an  acceptaole  source  level  and  radiation 
pattern~with  the  strongest  lobes  at  about  45  degrees  off  the 
main  axis.  Since  this  test  transducer  has  a plane  face, the 
curved  face  needed  for  hydrodynamic  compatibility  with  high 
speed  torpedos  could  be  acieved  by  an  appropriately  shaped 
rubber  cover. 

It  is  recommended  that  further  experimentation  be  done 
with  this  approach  using  the  following  steps: 

1.  Construct  a new  lop  Piece  whose  radiating  face  dimensions 
are  similar  to  those  of  Hod  l assembly  but  with  a shape  like 
that  of  the  Hod  2 Top  Piece.  This  should  make  the  radiation 
pattern  as  wide  as<  the  Hod  1 patterns  but  with  the 
simplicity  of  Hod  2 construction. 

2.  Use  Polyalkylene  Glycol  as  the  transducer  liquid  in 
accordance  with  Reference  2.  This  fluid  is  considered  to  be 
better  than  transformer  or  castor  oil  as  a transducer 


fluid-especially  at  high  driving  voltages. 

3.  Design  and  build  an  impedance  aatching  transforaer  to 

match  the  intended:  power  amplifier  to  the  transducer 

assembly . 

4.  Conduct  experiments  on  the  effects  of  shading  and  phasing 
at  high  power  drive. 

5.  Conduct  final  transducer  tests  at  the  Acoustic  Test 
Facility  at  the  Naval  Torpedo  Station  at  Keyport, ifashington. 
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APPENDIX  A 


CD  NS  IDE  H An  3 NS  FOB  BEAM  PATTERN 


Prior  to  the  speaif ication  of  the  radiation  pattern  of  a 
transducer,  it  is  of  interest  first  to  analyze  what  portion 
of  its  operational  environment  should  be  insqnified  and  then 
to  determine  the  source  level  needed  along  each  direction  so 
that  an  optimum  or  practical  pattern  requirement  can  be 
specified. 

The  transducers  ased  for  acoustic  ranging  during  weapons 
tests  must  insonify  a nuaber  of  arrays  on  the  bottom  of  the 
test  ranges.  For  a vehicle  positioned  a distance  D from  the 
bottom,  toe  smallest  propagation  loss  for  txansaission  of 
sound  occurs  when  the  target  vehicle  and  its  transducer  is 
directly  above  it.  As  the  vehicle  noves  horizontally  away 
from  the  array, the  slant  range  increases  with  the  angle 
between  the  vertical  and  the  line  to  the  array.  The  maximum 
slant  range  and  maximum  transmission  loss  to  be  considered 
occurs  when  the  vehicle  is  eguidistant  between  the  first  and 
the  next  array.  The  following  expression  gives  the  formula 
for  transmission  loss(TL|i 
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TL  = 20  log  r ♦ ar  decibels 

where  r is  the  distance  to  the  array  and  a is  the  absorption 
loss  ia  db  per  yard. 

If  the  distance  to  bottoa  D is  considered, the  slant 
range  r can  be  related  by  the  angle  THETA  between  the 
vertical  and  the  array  by: 

r = D/cos (THETA) 

The  transmission  loss  is  then  calculated  by 
TL  = 20  Log  (D/ cos  (THETA)  *■  a (D/cos  (THETA)  ) 

A plot  of  the  transmission  loss  verses  the  angle  THETA 
is  shown  in  Fig.  43  for  a target  vehicle  distance  from  the 
bottoa  of  D - 600  feet.  The  distance  between  arrays  is 
considered  to  be  2500  yards. 

In  order  that  the  arrays  can  expect  a near  constant 

sound  pressure  level  when  a vehicle  is  at  a particular 

depth, it  becoaes  apparent  that  the  acoustic  source  level 
must  increase  with  angle  off  the  main  axis  of  the  transducer 
-which  projects  down  from  the  transducer  to  the  bottom  of 
the  test  range.  The  dotted  line  on  Fig.  43  indicates  how 
the  source  level  should  increase  with  the  an,gle  THETA  off 
the  the  transducer  axis  to  compensate  for  the  increasing 
transmission  loss. 

From  the  above  analysis  one  can  conclude  that  it  is 
inefficient  and  not  necessary  to  insonify  the  test  range 

with  a radiation  pattern  as  in  Fig.  1 and  Fig.  2. 

The  acoustic  power  into  the  water  could  be  reduced 


significantly  if  the  radiated  energy  could  be  focused  into  a 
solid  angle  of  40  to  75  degrees  off  the  Bain  axis.  If  the 
acoustic  power  could  be  reduced  by  10  db  in  the  solid  cone 
bounded  by  40  degrees  off  the  transducer  axisrthe 
transducers  acoustic  power  requirement  would  be  reduced  by 
approxiaately  25  percent.  Ihe  resulting  radiation  pattern 
would  be  more  efficient  than  the  existing  patterns  and  there 
would  be  the  added  benefit  of  a longer  operational  life  due 
to  the  fact  that  lowsr  driving  voltages  could  be  used. 
Various  target  vehicle  distance  to  botton  D have  been 
studied  and  the  resulting  recommended  radiation  pattern  is 
attached  as  Fig.  44. 


APPENDIX  B 


RADIATION  PATTERN  COMPUTER  PROGRAM 
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APPENDIX  C 


MEAS09ENENT  PBOEEDOBES 


A.  VIBRATION  NODE  IDENTIFICATION 


During  the  initial  tests  on  Nod  0 , a capacitive  type 
displacement  probe  was  used  to  help  identify  the  vibrational 
modes  and, in  particular  to  determine  the  longitudinal  mode. 
A thin  resilient  gasket  oa  the  face  of  the  probe  permits  the 
motion  of  the  radiating  face  to  change  the  spacing  between 
itself  and  the  probe<  pick-up  face.  This  results  in  a 
varying  capacitance  and  causes  a varying  output.  The  system 
is  schematically  illustrated  in  Fig.  45. 

By  moving  the  probe  around  the  cylyndrical  radiating 
face  and  observing  the  changes  in  probe  output  amplitude  and 
phase  (using  a Lissarjou  pattern  ) , the  longitudinal  mode  was 
identified. 


Figure  45  VIBRATION  MODE  IDENTIFICATION 


B.  ADMITTANCE  DIAGBAMS 


Throughout  the  desigo  and  construction  phase  electrical 
adaittance  measurements  were  taken  using  a DBANETZ  (Model 
100-C  ) ADMITTANCE  MSTEB  in  order  to  be  able  to  determine 
the  mechanical  resonances  of  the  vibrating  system  of 
concern.  The  mechanical  resonances,  may  they  be  radial, 
thickness  or  longitudinal  modes-  are  indicated  on  the 
adaittance  diagram  as  a point  of  maximum  conductance.  the 
combination  of  this  technique  to  find  various  frequencies  of 
mechanical  resonance  and  the  vibration  mode  identification 
mentioned  in  the  previous  section  resulted  in  a methodical 
and  accurate  method  to  identify  the  desired  resonant 
frequencies. 

Adaittance  diagrams  were  generally  made  covering  a 
frequency  range  of  20  to  100  Khz  and  the  measurements  were 
made  both  in  water  amd  air  to  determine  the  effect  of  the 
different  radiation  impedances  offered  by  these  mediums. 

Pig.  46  is  attached  to  provide  a schematic  of  the 
equipeaent  used. 


:*%  xrt,"^r-n 


C.  BEAM  PATTERN  MEASUREMENTS 


r ■■ ■ I 


Pig.  47  is  attached  to  give  a schematic  diagram  of  the 
equipment  used  during  the  beam  pattern  measurements.  AIL 
the  measurements  were  male  in  the  anechoic  tanks  of  Spanegal 
Hall  Rm.  025.  Pulsed  transmissions  mere  used  in  all  cases 
so  that  the  direct  path  pulse  couLd  be  separated  in  time 
from  the  surface  reflected  pulse. 

For  the  ease  of  platting  , the  transducer  assembly  was 
rotated  continually  at  six  degrees  pec  second  during  each 
recording  run.  A potentiometer  on  the  gear  train  produced  a 
d.c.  voltage  proportional  to  the  angular  position  which  was 
applied  to  the  x-axis  of  an  x-y  recorder.  The  pick-up 
microphone  was  a calibrated  LC13  hydrophone  the  output  of 
which  was  amplified, rectified  by  an  envelope  detector  and 
the  connected  to  a Pi  A. B.  MOO  160  Boxcar  Integrator.  This 
instrument  was  used,  in  such  a way  that  a time  delayed  gate 
which  permits  only  the  signal  due  to  the  direct  acoustic 
path  to  be  integrated.  The  integrator  provides  as  an  output 
a d.c.  voltage  which  is  proportional  to  the  average 
amplitude  of  the  demodulated  pulse.  The  integrator  provided 
a d.c.  voltage  as  an  output  which  was  proportional  to  the 
average  amplitude  of  the  demodulated  pulse. 

A HP 756 1 A Logarithmic  Converter  was  used  in  order  that 
the  recorder  could  cpver  the  large  dynamic  range  of  received 
signals  on  the  sue  scale.  Phis  output  was  applied  to  the 
y-axis  of  the  recorder. 

The  attenuator  seen  in  fig.  47  was  used  to  calibrate  the 
x-y  recording.  This  was  especially  necessary  at  signal 
levels  of  -20  db  or  less  relative  to  the  main  lobe  strength 
since  it  was  found:  that  this  decibel  scale  was  not  linear 
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FIG  NO-47  BEAM  PATTERN  MEASUREMENTS 
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